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Mechanisms that underlie immunomodulatory properties of 
ultraviolet (UV) radiation remain incompletely character-
ized. Recently, we have studied effects of UV on the func-
tional activity of epidermal Langerhans cells (LC) and have 
attempted to relate inhibitory effects of UV on LC function 
to modulatory effects of UV on adhesion molecule expres-
sion by LC. Exposure of LC in vitro to amounts of UVB, 
UVC, or psoralen + UV A (PUV A) radiation that inhibited 
LC function also prevented increased expression of intercel-
lular adhesion molecule-l by LC in vitro. Subsequent studies 
A lthough the immunomodulatory properties of ultravi-olet radiation (UV) were initially described many years ago, the cellular and molecular events responsi-ble for UV -induced suppression of cutaneous immune responses have not been conclusively identified (re-
viewed in [1,2]). There is general agreement that exposure of skin to 
levels ofUVB sufficient to cause erythema in humans results in the 
loss of dendritic cells expressing class II major histocompatibility 
complex (MHe) antigens and formalin-resistant t: TPase from epi-
dermis. Whether these levels ofUVB are cytotoxIc for Langerhans 
cells (Le) in situ or not is controversial. Exposure of intact skin to 
UVB also induces functional changes in cutaneous accessory cells 
(presumably Le), in ~s muc? as ~pplicatio~ of c~ntact allergens (?r 
viral antigens) to preViously Irradiated mUfine skm does not result m 
sensitization. This is not a null event however, because mice sensi-
tized through irradiated skin are rendered specifically unresponsive. 
Although adoptive transfer studies suggested that this antigen-spe-
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Abbreviations: 
ATP: adenosine triphosphate 
cLC: cultured Langerhans cell 
BC: epidermal cell 
fLC: freshly isolated Langerhans cell 
GM-CSF: granulocyte/macrophage colony-stimulating factor 
ICAM: intercellular adhesion molecule 
IL: interleukin 
LC: Langerhans cell 
LFA: lymphocyte function-associated antigen 
MoAb: monoclonal antibody 
PFA: paraformaldehyde 
PUVA: psoralen + ultraviolet A 
Th: T helper 
TNF: tumor necrosis factor 
UV: ultraviolet 
revealed that amounts of UV radiation that inhibited LC 
function and modulated ICAM-l expression also decreased 
LC survival in vitro, although UV-induced LC cytotoxicity 
did not become apparent until 48 - 72 h after UV exposure. 
Our results are consistent with those of previous studies that 
suggested that low doses of UV radiation were cytotoxic for 
LC in situ. The potential cytotoxicity ofUV radiation for LC 
should be considered when studies of effects ofUV radiation 
on immune responses in skin are interpreted.] Invest Dermatol 
99:71S-73S, 1992 
cific unresponsiveness resulted from preferential induction of sup-
pressor T cells, the T cells capable of transferring unresponsiveness 
and the accessory cells responsible for their preferential induction 
have not been well characterized. The role that soluble mediators 
(including cytokines and cis-urocanic acid) may play in these phe-
nomena, or in systemic effects of UV on cutaneous or extracu-
taneous immune responses, is also incompletely understood. 
Because LC play an essential role in the induction and evolution 
of immune responses to contact allergens, viral antigens, and proba-
bly cutaneous tumor antigens, many (or all) of the deleterious ef-
fects of UV on immune responses in the skin could potentially be 
explamed by adverse effects ofuv on the functional activity ofLe. 
At the time we began our studies several years ago, low doses of 
UVB had already been reported to inhibit class II MHC antigen 
expression [3], cytokine production [4] , and protein antigen process-
ing [5] by Le. We attempted to confirm an effect of UVB on LC 
protein an:tigen processing using BALBjc-derived T-cell hybrid-
omas speCific for a defined epitope of lysozyme as responder cells, 
LC as a.ccess01J' cells, and either intact protein or the appropriate 
synthetic peptide as antigen. In this series of experiments, we failed 
to ~etect a selective effect of UVB on presentation of intact protein 
antigen as compared to antigenic peptide (V. McFarland and M. e. 
Udey, unpublished results) . In addition, higher doses ofUVB were 
required to inhibit antigen presentation to hybridomas than to anti-
gen-primed T cells. These same high doses of UVB inhibited anti-
gen presentation by A20 cells (a B-cell lymphoma line) , but also 
inhibited protein synthesis and cell division in these prototypic ac-
cessory cells. 
Because memory T cells and T-cell hybridomas have different 
activation requirements and LC were known to become more active 
accessory cells in culture [6] , we reasoned that UVB might inhibit 
LC function by preventing increased expression of adhesion or co-
stimulatory molecules (in culture) that were required for activation 
of memory T cells but not T-cell hybridomas. In subsequent experi-
ments [7], we chose to study the response of naive T cells to anti-
CD3 monoclonal antibody (MoAb) as an assay for LC accessory cell 
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Figure 1. Similar doses ofUVB radiation inhibit LC accessory cell function 
and ICAM-l expression. BALB/cEC were exposed to variolls levels ofuVB 
radiation and their abi lity to support anti-CD3 MoAb-induced T-cell mito-
genesis was assessed (top). In another experiment, EC were irradiated, cul-
tured for 24 h, and stained for simultaneous expression of I-A antigens and 
ICAM-l (bottom). The level of surface antigen expression on I-A+ cells was 
determined by flow cytometry. 
activity because 1) naive cells are even mQre dependent Qn cQ-stimu-
latQry signals than memQry cells and 2) anti-CD3 MQAb induce 
vigQrQus, accessQry cell- dependent proliferatiQn Df naive murine T 
cells. 
ExpDsure Qf iSDlated BALB / c epidermal cells (EC) to. UVB radia-
tiQn derived from FS-20 sunlamps caused a dQse-dependent inhibi-
tiQn QfLC accessDry cell activity with virtually cDmplete inhibitiQn 
Qccurring at 100 J/m2 (see Fig 1 and [7]) . This phenDmenDn re-
su lted frDm a direct effect Qf UVB Qn LC that CQuid nQt be repro-
duced with eXDgenDus tumDr necrosis factDr a (TN Fa) Dr reversed 
with anti-TNFa neutralizing antibQdies. The keratinDcyte-derived 
T-cell cD-stimulatDry cytDkines IL-l and IL-6 also. failed to. abrogate 
the effects DfUVB Dn LC functiQn. LQSS QfLC acceSSQry cell activ-
ity was accDmpanied by a cDncQmitant decrease in the ability QfLC 
to. fDrm clusters with T cells. Because the acceSSQry cell activity Df 
splenic dendritic cells and their ability to. fQrm clusters with T cells 
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had previDusly been shQwn to. be leukQcyte functiQn-assQciated 
antigen-l (LFA-l) dependent [8], we studied LC and resPQnding T 
cells fQr expressiQn Qf LFA-l (CDlla/CD18) and its cQ-reCeptDr 
intercellular adhesiDn mDlecule-l (ICAM-l) (CD54). T cells ex-
pressed significant levels Df LFA-l and ICAM-1, whereas freshly 
iSDlated LC (fLC) expressed Dnly IDW levels o.f ICAM-l and no. 
LFA-l. LC that had been cultured fDr 24 h expressed much higher 
levels o.f ICAM-1; LFA-1 remained undetectable. ExpDsure Df LC 
to. 100 J/m2 UVB blunted the increase in ICAM-l expressiDn with-
Qut altering the expressio.n o.fI-A antigens (Fig 1), Mac-l (CDllb/ 
CD18), Fc receptDrs, Dr CD45 antigens. In additiDn, UVB was nDt 
cytDto.xic acutely and did nDt adversely affect reCQvery frDm 24-h 
EC cultures. That ICAM-1 expressiDn by LC was functiDnally im-
pDrtant was co.nfirmed in experiments in which anti-ICAM-l 
MDAb inhibited bo.th LC-T-cell cluster fDrmatio.n and LC acces-
so.ry cell activity. The mechanism thro.ugh which UVB exerts its 
effects o.n LC has nQt been elucidated. 
We subsequently fo.und that LC that had been cultured fDr 72 h 
(cLC) and that expressed very high levels o.f ICAM-l were func-
tiDnally resistant to' dQses o.f UVB that co.mpletely inhibited fLc 
accessDry cell activity [9] . In additio.n, irradiated cLC promDted 
T-cell pro.liferatiDn even tho.ugh apprDximately two.-thirds Df the 
cells were no.n-viable 24 h after UVB expDsure. There are several 
Po.tential explanatiDns fo.r these o.bservatio.ns. First, we have fDund 
that the time co.urse o.f T-cell activatiDn prDmDted by cLC is much 
faster than that seen with fLC, and it is Po.ssible that cLC activate T 
cells befDre cell death o.ccurs. SecDnd, results o.f experiments carried 
DUt with parafQrmaldehyde (PFA)-fixed fLC and cLC indicated 
that nDn-viable cLC retain accesso.ry cell activity whereas nDn-vi-
able fLC do. no.t. We have prDpDsed that cLC are functio.nally resist-
ant to. UVB and PFA because they already express whatever surface 
pro.teins are necessary to' activate T cells, whereas fLC must acquire 
certain Df these adhesiDn Dr co.-stimulatQry mQlecules befo.re they 
becQme cDmpetent. Results Qf MQAb inhibitiQn experiments sug-
gested that mDlecules Qther than ICAM-1 Qn cLC and LFA-l Dn T 
cells must be invQlved in cLC-T-cell interactiDns. LFA-3 and the 
murine hQmQIQgue Df the human B-cell activatiDn antigen B7 /BB 1 
are likely to' also. cDntribute to. the accessDry cell activity Df cLC. 
DetectiQn Qf UVB-induced cLC cytQtDxicity and elucidatiDn Df 
the time CQurse Df T-cell activatiDn with fLC as aCCessDry cells 
prompted us to' re-examine effects Df UV Qn LC viability [10]. 
Studies Qf UV effects Qn LC in situ are difficult to. interpret because 
1) criteria fDr identifying irradiated LC in situ are nQt well defined; 
2) quantitatiDn Df LC in hDrizDntal sectiQns by transmissiDn elec-
tron microscDPy is difficult; and 3) effects Df UV Dn trafficking Df 
LC (Dr Dther 1I1f1ammatQry cells that might be cDnfused with LC) 
cannQt be excluded. We studied effects Df UV Qn LC survival in 
vitro by eXPQsing EC to. single dQses Qf UVB, culturing irradiated 
cells for variQus periQds Df time, recQvering viable cells Dn density 
gradients, and enumerating I-A+ cells. In 12 experiments, recDvery 
Df irradiated LC was 87 ± 21 % Qf that Qf cQntrQI cells 24 h after 
culture initiatiDn. Only 50 and 10% as many irradiated LC were 
recovered 48 and 72 h after UVB eXPQsure, hDwever. Adverse ef-
fects Df UVB Dn LC recDvery cDuld nDt be reversed by additiDn Qf 
eXQgenQUS TNFa (125 U/ml) Qr GM-CSF (5 ng/ml) + IL-la 
(50 U /ml). To. exclude effects Qf UVB Qn LC bUDyant density Dr 
I-A antigen expressiQn as PQtential explanatiDns fDr decreased reCDV-
ery QfI-A+ LC, we examined the survival Qf enriched LC (50 - 70% 
I-A+) in culture after UVB expDsure. In the experiment depicted in 
Table I, similar numbers Qf I-A + cells were recQvered from 72 h 
cultures Qf LC eXPQsed to. UVB (100 J/m2) and unirradiated LC. 
NQte that mQre than 90% Qf the I-A+ cells recDvered frDm cultures 
Df unirradiated LC were viable (based Qn prQpidium iQdide exclu-
siQn), whereas Dnly 20% Qf the I-A + cells recQvered frQm cultures Qf 
irradiated LC were viable. 
DeleteriQus effects Df UV o.n LC functiDn, surface antigen ex-
pressiDn, and survival have also. been o.bserved with shorter and 
IDnger wavelengths o.fuv [10]. EXPo.sure DfLC to. mDno.chrDmatic 
254 nm UVC (20 J/m2) radiatiQn Qr PUVA [8-MOP (1 ,ug/ml) 
+ UVA (0.25 J/cm2)] cDmpletely inhibited the ability Df LC to. 
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Table I. UVB Radiation Is Cytotoxic for Murine 
Langerhans Cells· 
NoUVB UVB (100 ]/m2) 
T=Oh T=72 h T=O h T=72 h 
I-A + cell recovery 100% 26.8% 100% 17.8% 
I-A+ cell viabiliry 87.5% 91.6% 87.5% 21.3% 
Recovery of viable 100% 27.9% 100% 5.7% 
cultured I-A + cells 
'BALB/c LC were enriched by adherence to antibody-coated erythrocyte mono-
layers, irradiated as indicated and cultured for 72 h in complete media supplemented 
with GM-CSF and IL-la. Cells were then recovered, counted, stained for I-A antigens, 
and analyzed by flow cytometry, and I-A + cell recovery was calculated. Only cells that 
excluded propidium iodide were considered viable. 
support anti-CD3 - induced T-cell mitogenesis, selectively inhib-
ited ICAM-1 expression, and decreased LC survival in vitro. UVB, 
UVC, and PUVA all had similar effects on LC survival, although 
UVC and PUVA caused LC death more quickly than UVB. UV A 
alone did not adversely effect LC function or survival. 
These studies indicate that exposure of LC in vitro to amounts of 
UV that inhibit the abiliry ofLC to activate naive T cells ultimately 
causes death of LC in vitro. Although our studies were conducted 
entirely in vitro, UV -induced LC toxiciry may occur in situ and may 
contribute to the immunomodulatory properties ofUV in vivo. It is 
possible that U.V -irradiated LC. do n?t survive 10.ng en?ugh in vivo 
to induce a primary response 111 naive T cells 111 regIOnal lymph 
nodes, for example. Lethally or sublethally irradiated LC may also 
playa role in the in~uction of tolerance. :rhe ?evelo~ment of toler-
ance to antigens delivered through UV-lrradlated sk1l1 could result 
from 1) induction of unresponsiveness in antigen-specific T helper 
(Th) 1 cells; 2) ~ctivation of antigen-specific Th2 cell.s that. mi~ht 
exert a negative 1I1f1uence on Thl cells; or 3) preferential activation 
of "classical" suppressor T cells by irradiated LC (or macrophages 
that localize in UV-irra~iated ep~dermis [11)). Antig~n-sp~cific un-
responsiveness has been1l1duced 111 Th 1 cells by UV -madlated [12] 
and non-viable [13] accessory cells. It is also known that Th2 cells 
can be activated by UV-irradiated LC [14]. Because activation re-
uirements ofTh2 cells are known to differ from those ofTh 1 cells 
r15], dead or dying LC may retain the capaciry to activate th.ese cells. 
Activation requirements of suppressor T cells are essentially un-
known, although the existence of a UV-resistant epidermal acces-
sory cell for suppressor cells has been proposed [16J. 
Cellular and molecular mechanisms that underlie basic tenants of 
photoimmunolo~y have I:ot been well characterized . . Until mo~e 
detailed informatIOn IS available, we suggest that potential cytotoxIc 
effects ofUV on LC should be considered when hypotheses regard-
ing effects of UV on cutaneous immune responses are formulated 
and tested. ' 
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